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Similar phenomena, including some unusual forms, theory in the usual manner- it will be seen that it is in 
were observed on the same da a t  other places in the substantial agreement wit& observation It may be 
north central ortion of the Jnited States. At Lake helpful to inhcate here the method ernpioyed to locate 
Oko'obi, near &ford ,  Iowa, for example, there were seen 

of the anthelion, the ant elion of MOO, circumzenithal 
arc, 22' and 46O halos, circumscribed arc8 of the 22O halo, 
and ap arenay arhelia of 90'. "he circumzenithal arc, 

higher elevation of the sun a t  the time at  which that 
observation was made.- W. R. &egg. 

E at a -b out 3:30 p. m., amon other forms, the oblique arca 

visible !l ere, cou P d not be seen at Ellendale owing to the 

/ \ 

I I THE BOULDER HALO OF JANUARY IO, 1918. 

By EDGAR W. WOOLARD. 

A brilliant halo display occurred at  Boulder, Colo., on 
Januaq  10, 1918, some portions of the complex remain- 
ing visible throughout the major portion of the day.' 
The writer, through his general interest in natural phe- 
nomena, was led to make a sketch about 10 a. m., one 
hundred and fifth meridian time, when the sun's eleva- 
tion, as afterwards computed, was 19' 50'. 

FIG. I.-Orlginal sketch of the Boulder (Colo.) halo or Jan. 10 1918 at about maximum 
dewlopment, 10 a. m., une hundred and Rfth merldian timc.-k. 11: I t ' i i rd .  

At that time, the writer was entirely unacquainted 
with the appearance, nomenclature, and theory of halos, 
so that the sketch, figure 1, made in encil on the spot 

prejudiced record of what was actually plainly visible; 
additional phenomena, not seen because not looked for, 
probably were present also. It has since develo ed that 
this drawing records some unusual features whic R justify 
placing it on record. 

The most noteworthy features are: The curvature of 
the sun-pillar, obviously due, as pointed out by Dr. W. J. 
Humphreys, to a prevailing tilt (eastern edge up) of the 
reflecting faces, caused, presumably, b gentle surface 
winds incident to the onset of 'a col 2 wave the night 
before-the atmos here down to .the surface of the 

arcs; and the arcf between the halos of 3 2 O  and 46O and 
s mmetrical about the vertical circle through the sun. 
7%is latter arc, reviously reported by Pa  and by 

tion through randomly oriented ice needles in their most 
stable position, vis, with a pair of the side faces hori- 
zontal. 

F i p  2 gives a representation, on the customary con- 
ventional "projection," of the halo computed from 

and afterwards inked over, is a perfect f 7 faithful and un- 

earth, was filled wit rl falling ice cr$als;-the'paranthelic 

Ferguson, is pro R uced, as HRetings explains,Zy refrac- 

1 MONTELY WEATHEB REVIEW, Jan., 1918, Y: 22; Sd-, 47, 170-171, 1918. 
2 YONTELY WEAT4EB REVTEW, JUIE, 1820, )8: pge9 3 M 0 ,  

n \ / n 
FIG. 2.-The Boulder (Colo.) halo of Jan 10 1918.-HR horicon. 8 sun' p sun-- 

curved owlng probably to prevailing hp'of crystals &used b L & n t l s ' b  nindr 
aa, halo of ad; c e parhelia of 220' cc upper tan o of 220. " p m y s  
upper arc". M, htrlo of W ;  t, k' khe.~a of 48-0 E'circumsenit~ 'a zenith' 
mm, parhek circle: n, n', pan& ells; #, portkns' of $rsnthelic arc.' &vatid 
of sun, 19' 50'; temperature, 4' F.; air very quiet, and fl led with falling 102 crystals. 

t arc of 

Fio 3.-EZE celestiil hemis here: EE,  rations1 h a  C, observer, and a m :  
8' sun: 8 C,'incident ray A 8, tlm of incident ray m prhcipal plane of cryat& 
d A P C  extension of $nci$ke of crystal; C8' backward extendon of re: 
fractedhy: B C ,  rojw lono nlractcd ray OIL princl \plsllA; a, zenith: 8' imam. 
Althow h msygecome gmfat as 28. htemal l'e&&Il takes place b e k  thls 
pomt IS renched, thus ending the "Parry arc." 
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edges. 
60° angle. 

and the observer msy.both be considered as located at 
the center of the cele+ml s here C, because, owing to the 

identical; the background extension of a refracted ray 
w i l l  then pierce thesphere a t  the point where the ob- 
server sees the resultmg virtual image. 

The rational horizon EE will then be the intersection 
of the plane of the top face with the celestial sphere; let 
ZSMC be the plane of the vertical circle throu h. the 

extended, and ZS'b the plane of the vertical circle 
through the image; if SC be the incident ray making the 
angle ACE (measured by the arc h) with the given 
pnncipal plane, then the refracted. ra S'C must also 

angle PCiK varies from O0 to goo, h vanes from 0' to 
the angle ZCS (zenith distance of the sun); and from 
the laws of refraction and the known altitude of the 
sun the position of S' can be computed, by means of the 
chain of spherical triangles, for any assumed value of A. 

indefinitely eat rsdms o P the sphere, rays from sun to 
observer an 8 from sun to crystal may be considered as 

sun, ZAPC a princi al plane of the crystal inde I! nttely 

make the angle A with the princlpa T plane. As the 

THE GRAND JUNCTION HALO OF MARCH 3, 1906. 

In the MONTHLY WEATHER REVIEW for March, 1906 
(vol. 34, pp. 123-124), there is recorded an observation of 

90° angle. 

Fie. l.-Hdo(lobservedgt G r k d  Junction, Colo., March a, 1808, by a. H. Ferguson. 

Vertical : 
Mlnimum deviation.. .... 

Other deviations .......... 

the fi res, here reproduced as figure 1, leave no doubt 

"The second drawing shows a slight chan e, there being 

times of observation are not stated, and i t  is clear that 
the horizon is shown too low in the first figure in propor- 
tion to the scale of the halo, because the Parry arc., being 
produced by the same crystals as cause the upper tangent 
arc, meves indistinguishably with the latter at a com- 

In  the second figure, the 
Parry arc has disappeared, and an arc has become visible 
which is probably the sunward part of what Hastinga 
calls the "lower oblique arcs passing through the anthe- 
lion."--Ei7gar H. I+oo~wcI. 

but t 8" a t  the upper and lower Parry arcs were present 

a difference of about one hour between t E e two." The 

arativeb low solar altitude. 

2'3' parhelia.. ............. 46- arhella. 

Tails to parhelia ........... 
Ta& to parhelia. 
Supralateral and upper hi- 

tangent arcs. 
InIralateral and lower hl- 

tangent am.  
Horizontal: 

3finlmum dovlatlnn ...... 
Other deriati m... ....... 

CTpper and lower tangent 
arcs to Bo halo. {"ggy and lower Parry . 

Inrlined: 
Nnrmal to planes through 

Minimum minimorurn Eo halo.. ................. 
Othw deviations ...... Clare outside halo.. ....... 

Arc.; of Imwitita 1.. ........ 

oye and sun- 

In vertical plsnrs through 
sun. 

Circummnithal arc. 
:'ireurnhorizontal arc. { .  

46O halo (?). 
Glare outside halo. 

II.-RF.FI~ECTlON I'HENOMENA. 
-- 

Phcncnnena produced. 

Miiltiple reflections.. ......... 
Reentrant angles.. ........... 

\'ertical.__. .................. .I Parklic circle.. ........... Prrrwic circle. 
Horizontal .................... Sun-pillar.. ............... 
Inclined. ..................... Ohliqiie a m  of tho anthe- 

lion (1). I 
120' parhelia (?).-. ........ Anthelion and ohlklue arrs of the anthelion (?). 

I 

Phenomena. I Processes. 

Cornhinations 

Miwellmeoils 

and 

..... 

reflection. 

........... 

' I  I:pDer snd lower oblique am passing 
throu h the aEthelion." 

1200 Paramhelic paAc!ia arc (?,. (PI. 

I;ernsarr(?). . 
%lo halo (halo of Hevclius). 
13V halo f Douniier halo. false white rain- 

I 
a at Grand Junction,. colO', On March 3j 1 however, 8. Faiwham, On the Theor of Lowitr's Arc, Pcoc. Tokyo Yathe- 
1006. The description given there 1s vary meager, but mati-physlcai OW., wr. 2, VOL ix, pp. 601$15, IBIS. 


